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SUMMARY

At the present time, reentry vehicle (RV) fratricide can be a con-

straint in multi-burst (N-on-1) attack planning involving an array of

hard targets, such as a MINUTEMAN Wing. If, however, total attack time,

time on target, and other constraints of an operational nature can be

met, it would appear that RV fratricide can be elimzinated for 2-on-1

attacks. With continued improvements in RV accuracy, the constraints

associated with multi-burst attack may ultimately become inconsequen-

tial,
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PREFACE

This report was prepared in January 1978 in response to 2
growing demand for a brief, unclassified discussion of the

subject of strategic missile reentry vehicle (RV) fratricide.

Of particular concern was how RV fratricide might place
operational constraints on an attack against an array of
hard targets, e.g. a field of MINUTEMAN silos. This infor-
mation was provided initially only to those immediately
concerned with ongoing SALT-II negotiations and the
implementation of the M-X missile system. It is being
given wider distribution now (June 1979) to call attention
to some of the critical issues associated with RV fratricide
that should not be overlooked when weighing the merits of
SALT-II and other plans affecting U.S. strategic missile
force structure and employment.
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REENTRY VEHICLE FRATRICIDE CONSTRAINTS ON ATTACK PLANNING

1. Background. Several articles have been published in the past 3-4 years
concerned with the assessment of nuclear counterforce capabilities of the
United States and the Soviet Union (Ref. 1-8). Their general theme has
been that, in order to account for deficiencies in the yields and/or
accuracies of individval reentry vehicles (RVs), more than one RV must

be used to attack a hard target (such as a missile silo} with a suffi-
ciently high degree of confidence to insure the "success" c¢f a first-
strike operation. In some of these articles, allusion has been made
briefly to the question of intcerference, or fratricide, which refers to

the serious degradation or total loss of effectiveness of later arriving
RVs interacting with the nuclear explosion enviromnments produced by their
predecessor RVs arriving at the same or nearby targets. Generally, however,
the authors have chosen to disregard the possible constraining effects

that fratricide may have on attack planning and have gone on to play only
the "RV numbers game.,"

The purpose of this parer is not to provide the detailed technical
information needed to assess counterforce strategies, either on the part
of the Soviet Union or the United States. Rather, it is to call attention
to some of the critical issues associated with RV fratricide that should
not be overlooked when entering into arms limitation negotiations with
the Soviets or in the planning of strategic missile force structure and
employment.

2. Fratricide Overview. A nuclear reentry vehicle (RV) targeted in

space/time proximity to an earlier nuclear burst runs the risk of
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encountering damaging effects that might causc mission degradation or
outright failure., The mission degradation can be a result of trajectory
offset (e.g., accuracy degradation), yield deyradation, ov incorrect
fuzing. These potential RV interaction problems, taken singly'or collec-
tively, are referred to simply as fratricide. Fratricide can be a
sirnificantly constraining phenomenon for attacks on dense taryet cor-
pieoxes such as a MINUTEMAN Wing. The problem becomes increasinglyv
complicated woen individual targets in such a complex are sufficiently
hard as to revuire more than two RVs per target to achieve desired
domaye expectancies.  For nulti-burst attacks or an isolated hard tar-
yet, fratricide is somewhat less constraining.

There are 4 large number of potential! phenonena that could be
extlored (Fig. 2-1). If it is recognized at the outset that one must
accept the tarpeting constraints due to prompt radiation and blast
effects and avoid these effects altogether, the remaining effects that
must be considered 1ii1 a fratricide assessment are primarily those asso-
ciated with the threat of RV euncounter with the ¢jecta, dust and con-
densate particles (e.g., ice) in the nuclear cloud. Also, to a lesser
extent, the possible degradation of RV accuracy due to multi-burst
blast effects must be accounted for.

When a nuclear weapon is detonated in the atmosphere, prompt radia-
tion is absorbed in the nearby air, creating a fireball with tempera-
tnres on the order of 10 9k and pressures on the order of 100 kPa.
These fireball gases expand and generate a blast wave which evacuates

the fireball region, leaving a low density bubble. The fireball then
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rises in the atmosphere due to buoyancy, creating a large-scale vortical
wind motion, If the weapon 1is burst on or very near the ground, a crater
is formed and a significant fraction of the crater mass is ejected from
the crater. The larger crater fragments follow nearly ballistic paths
outward from the crater and impact within the first minute or two after
burst. For both cratering and non-cratering bursts, the wind motion
lofts the smaller dust and debris particles from the surface to high
altitudes., In addition, because of cooling due to adiabatic expansion
and mass entrainment, water vapor can condense to form ice particles.
These dirt and ice particles fill the outline of the rising bubble and
define the characteristic mushroom cloud. This cloud rises for several
minutes and is stabilized before ten minutes after the burst. The dust,
debris, and ice particles then begin to fall toward the ground, A sig-
nificant mass of material remains aloft for 30 minutes or more after the
burst.

A reentr& vehicle encountering such a cloud is subject to several
potential fratricide mechanisms. It may suffer unexpected damage to its
nosetip or heatshield as a result of erosion by the particulate matter
in the cloud. If the erosion is excessive, the RV may fail to perform
its mission, either because of outright failure of the RV or because of
accuracy degradation.,

Excessive erosion can cause RV failure by removing so much heat-
shield material that the substructure is no longer adequately protected
from the aerothermal heating loads imposed by hypersonic reentry., At

high temperature, the substructure loses strength and is then subject to
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deformation under the normal werodynamic loads, with consequent injury
to internal components or actual RV breakup and destruction.

Excessive erosion can cause accuracy degradation by perturbing the
nominal ballistic coefficient history during reentry flight. The ballis-
tic coefficient, beta (B), may differ from its expected values through
two mechanisms: 1) additional RV weight loss due to ablation alone on a
flight through clear air, and 2) shape changes which change the drag of
the vehicle and, if the shape changes are not axisymmetric, can also
produce lift forces and torques on the RV, again causing a deviation }
from the planned trajectory.

Another significant particle-related fratricide mechanism is pene-
tration of the RV body by a pebble or rock (ejecta). One consequence
might be direct lethal mechanical damage to internal components. If the
penetration occurs at sufficiently high altitude, other potential conse-
quences might be a breakup of the damaged substructure under aerodynamic ;
loads or thermal damage to internal components due to hot gases being
admitted inside the RV,

Since the presence of a nuclear clcud due to the first burst at a
silo would threaten the second RV targeted to that same silo, it is
observed that the deleterious dust and ejecta fratricide environments
could be eliminated, or at least mitigated, by having the initial burst
at each silo occur at an altitude such that no crater would be generated.
Even if this were done, however, some dust would be lofted by blast-wave

sweep-up mechanisms and the afterwinds associated with the rising fire-

ball. In the discussions of fratricide and laydown tactics which follow,




emphasis will be given to an N-on-1 attack, where the first (N-1) RVs
sent to a silo (or other hard target) will be non-cratering airbursts,

3. Fratricide Geometries and General Time Constraints:

For an attack on a hard target complex, the fratricide problem for
multiple RV attacks can be discussed in terms of the problems associated
with two different tactics and two basic RV impact-to-burst-point geome-
tries. The twe RV impact-to-burst-point geometries are (Fig. 3~1):

a. The overfly fratricide geometry which occurs when RVs are
targeted to downrange targets relative to prior bursts.
Environments of concern generally are blast and particulate
clouds. The fratricide dynamics depend on environments
propagation (e.g., cloud growth, shock front movement, etc.)
and the RV trajectory relative to the prior bursts. Gener~
ally, the RV is at relatively high altitudes when it 1
encounters environments of potential concern.

b. The recycle fratricide geometry occurs when multiple RVs
are targeted to the same target (e.g., recycle bursts at
the same target). Environments of concern generally are
radiation, hlast, fireball, and particulate clouds. (Ejecta
must be added to this list if a cratering burst is consi-
dered.,) Generally, the RV is at relatively low altitudes
when it encounters environments of potential concern,

For each fratricide geometry, there are different potential time

constraints for multiple RV attacks. For the recycle geometry, prompt

environments (e.g., radiation, blast, fireball, etc.) define short times
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after the first burst near a target when subsequently arriving RVs are
prohibited because of fratricide. Targeting of a subsequent RV may be
denied for longer times if the first burst is a ground burst (e.g.,
stem, ejecta). For the overfly geometry, particulate cloud growth is
a major factor defining times after burst when targets may be denied.
The relative importance of the recycle and overfly geometries
depends on the attack tactics. For example, consider an attack on
an ICBM complex where the attack consists of two RVs per silo. Two
basic possible tactics for dense target complexes are as follows:

a. One is a basic downrange to uprange sweep across the
complex. This type of attack minimizes the problems
of overflying prior bursts. The tactic may be described
conceptually as walking up a ladder with each rung hit
twice before the next rung. The recycle geometry governs
the time spacing between the two hits on each rung.

b. A near-simultaneous first wave acrcss the whole complex,
followed a short time later by another wave. The times
available for RVs in the second wave are governed by both
the recycle and overfly fratricide geometries. Obviously,
if it is a technically possible tactic, this tactic would
result in a far shorter total impact time span compared

with the first tactic,

The two fratricide geometries and the two tactics described above
provide a framework for the discussion of particular fratricide pro-
blems. The potential major problems associated with each geometry are

summarized in Table 3~1 for the 2~on-1l attack.

12




Table 3-1

Major Fratricide Problems* (2-cn-1)

RECYCLE GECMETRY

ENVIRONMENT AIR BURST FIRST GROUND BURST FIRST

Blast "Kill/Offsets Kill/Offsets

Ejecta None Kill (Penetration)

Dust/Debris Kill (Penetration) Xill (Penetraticn)
Cloud Kill (Erosion) Kill (Erosion)

OVERFLY GEOMETRY

ENVIRONMENT AIR BURST FIRST GROUND BURST FIRST

Blast Offsets Offsets

Ejecta None None

Dust/Debris /ice
Cloud

Kill (Penetration)
Kill (Erosion)
Offsets (Erosion)

Kill (Penetration)
Kill (Erosion)
Offsets (Erosion)

* Target spacings in dense complexes such as ICBM fields

are assumed.

13




Time constraints on targeting the second RV result because of
fratricide environments which can cause the RV to fail (e.g., kill)
and/or which can cause unacceptably high accuracy degradations (e.g.,
trajectory offsets). In the recycle geometry, the blast environment
can produce high g-loadings on the RV, causing failure. Because of
the winds and density changes associated with shock front propagation
and the fireball dynamics, the blast-related environments might cause
unacceptable accuracy degradations or trajectory offsets, The magni~
tude of the offsets 1s a strong function of the RV ballistic coeffi~
cient and the actual RV impact-to~burst-point geometry. The overfly
geometry leads to the largest potential offsets. Blast kill and off-
sets are possible for either air burst or ground bursts.

4., Prompt Effects. Estimates have been made of the critical space/

time targeting regions corresponding to outright kill of various RVs
by the prompt effects of nuclear radiation and blast from cratering
and non-cratering airbursts. One way of describing these fratricide
results is through the concept of an exclusion footprint, A footprint
associated with a prior burst 1s a time-dependent two~dimensional region
on the ground such that, if the burst point of a subsequent RV falls
within the footprint, this second RV will suffer a response to the
nuclear weapon effects above some acceptable threshold (e.g., the
second RV will fail, or suffer some level of accuracy degradation,
etc,). Each individual nuclear effect can define its own footprints.

A footprint is a function of a number of variables: the time inter-

val between the first burst and the arrival of the RV under consideration;

14




i -

the yield and height of burst (HOB) of the prior burst; the fratricide
criteria defining RV failure (e.g., excessive g-loading, neutron dose,
substructure backface temperature, etc.); the RV design and trajectory
pdarameters, etc.

It is reasonable to conclude, from a general knowledge of surface
and near-surface nuclear explosions, that the exclusion footprints due
to prompt effects will essentially disappear after a period of time

of the order of 10 seconds for a single burst. The prompt effects from

e et R

adjacent targets may or may nct be of concern, depending on space/time

considerations, Also, it would be expected that the corresponding

keep—out times for a slower (lower B ) RV would be slightly longer than

< for a faster (higher £ ) RV. Similarly, a larger yield first burst

i

would extend keep-out times for a few seconds longer than for a smaller
yield.

The preceding discussion focused on the issue of lethality in the
recycle geometry. For the overfly geometry, no similar prompt effects
would be expected to apply, assuming the targets in the array were
adequately separated from one another.

5. Long Duration Effects, Long duration nuclear explosion effects are

those which retain their potency for longer than, say, 10 seconds. Thus,
most of the ejecta and the dust particles comprising the stem and head
of the nuclear cloud are included in this category. As the cloud rises

and cools, vapor ingested from the surrounding atmosphere will condense

. | to form ice particles that can be roughly as erosive as dust particles.

Large-scale turbulence effects due to the superposition of blast waves
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from multiple sources can also degrade the accuracy of later arriving
RVs, Most important to fratricide considerations, however, are the
high velocity RV interactions with the particles comprising the ejecta
zone or the dust stem and cloud.

A fratricide calculation requires the interweaving of constituent
technology capabilities (e.g., (1) a general particle environment
definition: density as a function of space/time and particle size; and
(2) a general RV response model; i.e., the coupled ablation/erosion/
penetration response of the heatshield/nosetip/substructure to particle
impact as a function of particle densities, sizes, and impact speeds)
with attributes of the RV design and reentry trajectory properties. An
analysis of fratricide~related targeting constraints must face up to the
uncertainties in targeting constraint estimation produced by various
technology uncertainties in environment definition, response modeling,
RV design assessment, RV reentry conditions and targeting tactics. A
comprehensive list of uncertainties/variations might well be endless =--
a finite sampling of important parameters is given in Table 5-1,

Turning to the uncertainty estimates in RV response, the erosion
mass8 loss ratio, G, is a quantity defined to be directly proportional
to the erosion rate. G is, in general, a function of particle size,
the speed and angle of impact, the heatshield material, and its thermal
state (e.g., virgin vs, charred). The uncertainty in G has been esti-
mated from data scatter in single and multiple impact experiments,

An important point to be made about these statements of uncertainty

1s that, for the most part, it cannot be asserted with confidence that




Table 5-1 Uncertainties/Variations Affecting Fratricide

L Particle Environment

3 [ ]

® RV Design/Reentry Conditions

Heatshield ablator and substructure thicknesses
Nosetip ablator and substructure thicknesses

Nosetip/heatshield materials

RV geometry: nose radius, base area, cone angle
Reentry velocity/angle (V/y ) !

Attack azimuth

¢ RV Response

Erosion law (mass loss ratio correlation)
Aeroheating and ablation
Perforation threshold

Discrete (non-continuous) non-penetrating damage

Burst Yield/Height of Burst (HOB)

Airburst dust/condensate total mass loading
Maximum size particle lofted by an airburst
Particle size/shape/density distribution
Condensate loading as a function of ambient humidity |
Condensate particle size distribution

Cloud dimensions (time history): stabilization altitude, radius

Multi-burst effects
Ambient natural weather (winds, etc.)

Combined dust and condensate definition

17
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the mid-range values of many parameters are more likely to be correct
than the extremes., Data scatter is compounded with modeling inade~

quacies and engineering judgment.

The consequences of these uncertainties in particle environment and
response have been explored recently for a range of typical RVs. The
conclusions reached for these RVs are as follows:

® In the recycle geometry with 10 <At< 60 seconds:

® For a 2-on-1 attack on a hard target, when the first
burst is low enough to produce a crater, the second
RV encounters the ejecta and/or stem created by the
first burst with high probability (e.g., >0.75) when
the double-shot damage expectancy is high. Fratricide
is highly probable,

® For a non-cratering first burst, there are no ejecta
and stem encounter is non-lethal, except for worst
case combinations of dust environment, RV response,
and RV design.

® Caveat: The issue of potential nosetip penetra-

tion is not yet resolved.
® In the overfly geometry with 1 <At< 10 minutes:
® (Cloud encounter is lethal for crater~producing bursts
and non-lethal for non~-cratering bursts, except for
worst case combinations as above.

® Caveat on nosetip penetrations as above.

‘ ® Shape~change and mass loss may cause large trajectory

offsets in non-lethal encounters,

i 18
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6. Laydown Planning Considerations:

If one assumes a missile force with the required number of RVs
and range capabilities, the basic effectiveness calculation is the
estimation of damage expectancy as a function of warhead yield,
system delivery accuracy, target hardness, and system reliability,
ignoring the possibility of fratricide at first. The next step for
an N-on-1 attack might be a bounding calculation of the potential
effect of dust stem fratricide on estimates of target survivability.

To discuss strike timing for an array of hard targets, assume an
idealized target pattern in cross-range rows, with the downrange
direction to the south. Assume inter- and intra-row target spacing
is about 4-5 nmi, typical of MINUTEMAN,

The inter-wave delay on any one tier is bounded from below by the
recycle geometry keep-out time. TFor a typical RV design, the compo-
nent keep-out times are, in ascending order, due to nuclear radiation,
blast kill, and fireball avoidance. (The latter effect includes the
thermal radiation threat, possible flight instabilities, and possible
radar ranging*.,) The minimum recycle time is then the nominal keep-out
time, typically including fireball avoidance, plus an allowance for
effects uncertainties, plus an allowance for time-on-target uncertain-
ties.

If a stem encounter were to be lethal, and the probability of

encounter high, then the recycle time delay required might be

*The early time fireball reflects a radar signal. A simple radar fuze
on a spinning RV looks at its shortest return. It might then mistake
the fireball for the ground and cause premature detonation,
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substantially lengthened. In marginal cases, the effect of uncertain-
ties on the minimum recycle time could be substantial.

In the absence of any constraint on, or minimization of, the total
impact span (the time from first to last burst over the entire target
complex), the time between successive waves laid down on one row could
be set large enough to avoid blast effects from prior waves., Alter-
nately, and more realistically, the recycle time beyond the required
minimum could be set so that blast offsets were small enough to be
acceptable,

Given the specified recycle time, the individual target impact
span is the interval between first and last bursts at a single target.
Assuming roughly simultaneous bursts in each wave laid down on a row,
an attempt can be made to minimize total impact span by overlapping
the individual target impact spans between rows (i.e., planning the
first burst on an uprange row before the last burst on the immediately

downrange row.) This introduces the possibility of blast offsets and

main cloud encounter in the overfly geometry, where both lethality and i
accuracy degradation can be of concern. If nominal calculations show ?
either of these effects to be threatening, then uncertainties in %
environment and response can play a strong role in the assessment of ;
attack success, !

7. Conclusions:

It may be concluded from the foregoing that operational timing

capabilities and "good" RV design are key to the success of a | 1

fratricide~free, 2-on~1 attack against an array of hard targets. If




TR T W T e T

pre-planned timing of an otherwise well-coordinated 2-on-1 attack were
to be disturbed, some measure of RV fratricide would probably result,
together with a corresponding degradation in attack effectiveness. Stated
another way, RV fratricide can be a constraint in attack planning; however,
if total attack time, time on target, and other constraints of an opera-
tional nature can be adeguately met, it would appear that RV fratricide
can be eliminated for a 2-on-1 attack.

The confidence with which the above statements can be made is diffi-
cult to quantify in the statistical sense because the uncertainties in
the nuclear environment and RV response predictions are not wholly
random. This leads to the use of "worst case" combinations in attempts
to bound fratricide assessments. If an assessment breaks down, the key
issue becomes one of gauging the weight to be assigned to each "worst
case" element. The problem becomes more difficult (confidence decreases)
as the number of attacking RVs on each target increases. This implies that,
by increasing the value of N in an N-on-l attack plan, one should
confidently expect to reach a value for which fratricide cannot be
circumvented.

As long as RV yields and accuracies remain much as they are todsay,
the need for employing more than one RV per hard target will remsin in
order to insure adequate damage expectancy. It is generally assumed,
however, that accuracy will improve from year to year as advances are
made in missile and space technology. As RV accuracy improves, the

r Aeed for greater than l-on-1 targeting will disappear -~ and the

potential for RV fratricide along with it.

21




References

K. Tsipis, "The Calculus of Nuclear Counterforce," Technology
Review, October/November 1974,

E, Luttwak, "The US-USSR Nuclear Weapons Balance," Washington
Papers, Vol II, No. 13, Beverly Hills: Sage Publications, 1974.

R. L. Leggett, "Two Legs Do Not a Centipede Make," Armed Forces
JOURNAL International, Feb. 1975.

K. Tsipis, "Physics and Calculus of Countercity and Counterforce
Nuclear Attacks," Science, Vol. 187, No. 4175, 7 Feb 1975.

K. Tsipis, "The Accuracy of Strategic Missiles,'" Scientific
American, Vol. 233, No. 1, July 1975,

J. B, Walsh, "Strategic Arms Debate," Science, Vol. 190, pp 1117
et seq., 12 Dec 1975,

T. A, Brown, "Missile Accuracy and Strategic Lethality," Survival,
Vol. XVIII, No. 2, March/April 1976,

T. J., Downey, "How to Avoid Monad - and Disaster,' Foreign Policy,
No. 24, Fall 1976. Reprinted in Congressional Record, Vol. 122,
Sept. 20, 1976,




DEPARTMENT_OF DEFENSE
Assistant to the Secretary of Defense
Atomic Energy

ATTN: Executive Assistant

Defense Advanced Rsch. Proj. Agency
ATTN: TIO

Defense Communications Agency
ATTN:  CCTC

Defense Technical Information Center
12 cy ATTN: DD

Defense Intelligence Agency

ATTN: DT-2
ATTN: DT-10
ATTN: DB-4D
Defense Nuclear Agency
ATTN: SPTD
ATTN: SPAS
ATTN: SPSS
ATTN: STSP

5 cy ATTN: TITL

Field Command

Defense Nuclear Agency
ATTN: FCTMOF
ATTN: FCTMOT
ATTN: FCTMD
ATTN: FCPR

Field Command

Defense Nuclear Agyency

Livermore Division
ATTN: FCPRL

Joint Chiefs of Staff
ATTN: J-5, Force Planning & Program Div,
ATTN: J-5, Nuclear Division
ATTN: SAGA/SSD
ATTN: SAGA/SFD

Jeint Strat. Tgt. Planning Staff
ATTN: JPTM
ATTN:  JLTW-2

Undersecretary of Def. for Rsch. & Engrg.
ATTN: Engineering Technoloyy, J. Persh
ATTN: Strategic & Space Systems (0S)

DEPARTMENT OF THE ARMY

BMD Advanced Technology Center
Department of the Army
ATTN: ATC-T, M. Capps

BMD Systems Command
Department of the Army
ATTN: BMDSC-H, N. Hurst

Deputy Chief of Staff for Ops. & Pians
Department of the Army
ATTN: DAMO-NCZ

DISTRIBUTION LIST

DEPARTMENT OF THE ARMY (Continued)

Deputy Chief of Staff for Rsch. Dev. & Acg.
Department of the Army
ATTN: DAMA-CSS-N

Harry Diamond taboratories
Department of the Army

ATTN: DELHD-N-TF

ATTN: DELHD-N-P, J. Gwaltney

U.S. Army Missile R&D Command
ATTN: DRDMI-TRR, B. Gibson
ATTN: DRDMI-TKP, W. Thomas
ATTN: DRDMI-XS

U.S. Army Nuclear & Chemical Agency
ATTN: Library

U.S. Army TRADOC Systems Analysis Activity
ATTN: ATAA-TDC, R. Benson

DEPARTMENT OF THE NAVY

Naval Surface Weapons Center
ATTN: Code F31
ATTN: Code K06, C. Lyons
ATTN: Code R15, J. Petes

Office of the Chief of Naval Operations
ATTN: OP 604E14, R. Blaise
ATTN: 0P 604C
ATTN: OP 604C3, R. Piacesi

Strategic Systems Project Office
Department of the Navy
ATTN: NSP-272

DEPARTMENT OF THE AIR FORCE

Air Force Systems Command
ATTN: SOSS
ATTN: XRTO

Air Force Weapons Laboratery

Air Force Systems Command
ATTN: SUL

2 cy ATTN: NTO

Deputy Chief of Staff

Operations Plans and Readiness

Department of the Air Force
ATTN: AFX00SS

Deputy Chief of Staff
Research, Development, & Acqg.
Department of the Air Force
ATTN: AFRDQSM
ATTN: AFRD

Foreign Technology Division
Air Force Systems Command
ATTN: SDBS, J. Pumphrey
ATTN: TQTD
ATTN: SDBG




DEPARTMENT QF THE AIR FORCE (Continued)

Space & Missile Systems Organization
Air Force Systems Command
ATTN: DYS

Space & Missile Systems Organization
Air Force Systems Command

ATTN: MNNH

ATTN: MNNR

Space & Missile Systems Organization
Air Force Systems Command

ATTN:  RST
ATTN: RSSE
ATTN: RSS

Strategic Air Command
Department of the Air Force

ATTN: XOBM
ATTN: XPFS
ATTN:  DOXT
ATTN: XPQM

DEPARTMENT OF DEFENSE CONTRACTORS

Aerospace Corp.
ATTN: R. Strickler
ATTN: R. Crolius
ATTN: R. Mortensen

Analytic Services, Inc.
ATTN: J. Selig
ATTN: G. Hesselbacher

General Electric Co.
ATTN: P. Cline

General Electric Company—TEMPO
ATTN: DASIAC

Institute for Defense Analyses
ATTN: J. Bengston
ATTN: C(lassified Library

DEPARTMENT OF DEFENSE CONTRACTORS (Continued) |

Kaman Sciences Corp.
ATTN: F. Shelton

Pacific-Sierra Research Corp.
ATTN: G. lang
ATTN: H. Brode

Prototype Development Associates, Inc.
ATTN: J. McDonald

R & D Associates
ATTN: F. Field
ATIN: €. MacDonald

Science Applications, Inc.
ATTN: J. Warner

ATTN: W. Yengst
ATTN: G. Ray
ATTN: 0. Nance
ATTN: D. Hove
ATTN: W. Plows

Science Applications, Inc.
ATTN: W. Seebaugh
ATTN: M. Layson

TRW Defense & Space Sys. Group
ATTN: P. Dai
ATTN: P. Brandt
ATTN: G. Arenguren

TRW Defense & Space Sys. Group
ATTN: E. Wong
ATTN: V. Blankenship
ATTN: W. Polich







